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surplus velocity, and none but it could have been capable of producing it.
This surplus, or third-mass, energy may be called, for the present, the "external" energy of the pair, in order to keep our argument in terms of a simple mass-pair as a base. This external energy the pair has borrowed and displayed as its own, so to speak, although it has no rightful ownership of it and must soon repay the loan.
The relation of such external obligations to its own internal assets of energy is visible directly in the value of the eccentricity of orbit e. For it is only when e is greater than unity that hyperbolic motion and dissociation can occur. The excess of e above unity, therefore, is a measure of the external or borrowed energy which is displayed by the pair.
In order to understand this situation completely, return must be made for a moment to the question of radial and tangential energies.
A value of e greater than unity implies an angle between mean energetic motion and the radius vector connecting the two bodies (see Fig. 4) smaller than 45°. In that case the radial component of motion would be greater than the tangential. Here> again, one must be careful with his mathematical expressions for energy. If it be assumed, too readily, that kinetic energies are absolutely proportional to the square of the velocity, then the ratio of radial to tangential kinetic energies, at the mean energetic point, must be e~ ; for e = cotan a, the ratio of radial to tangential velocity at this point.
But two objections exist to this reasoning. In the first place, no exact expression for the tangential energy exists at all. In the second place, if there were one it must be negatively, rather than directly, proportional to the velocity squared ; for energy must be abstracted in order to increase the tangential velocity.
The way out of this puzzle is to note, from Equation 22,
Radial Energy = 2 c M^ -|- = 2 e M^ -?*. S^2,a       (22)
that, for any stated mean energetic conditions, such as distance D and tangential velocity U sin a, the radial energy is directly proportional to the eccentricity of orbit e. And since. the mass-pairing factor MaM2 is always alike on both sides of this equa-. 37,ooo
